In this study, the Y358 phase, the newest high-temperature superconductor member of the yttrium barium copper oxide family, was produced using the solid-state reaction technique. The Y358 superconductor exhibited the Meissner effect at low temperature (77 K). The X-ray diffraction spectra indicated that the crystal structure was almost identical to that of Y123, but with some impurity peaks. An X-ray peak broadening analysis was applied to determine the lattice strain, and the medial crystallite size was calculated perpendicular to the surface of the superconductor specimens. As a result of the analyses, it was determined that the crystallite size of the Y358 superconductor was about 1.125 times larger than that of the Y123 superconductor.
Introduction
In 1987, Chu et al. discovered YBa 2 Cu 3 O 7 (Y123). This superconductor, with a transition temperature (T c ) of nearly 90 K, comprises double CuO 2 planes and a single CuO chain [1, 2] . Since its discovery, Y123 has been the most frequently researched compound of the yttrium barium copper oxide (YBCO) family. In 1988, two more compounds joined this family: YBa 2 Cu 4 O 8 (Y124), with a T c of 80 K, and Y 2 Ba 4 Cu 7 O 15 (Y247), with a T c of 40 K [3, 4] . The superconductor Y124 possesses a bilayer CuO 2 plane and two CuO chains, while Y247 includes a bilayer CuO 2 plane, a single CuO chain, and a double CuO chain between the CuO 2 planes [5] . With every high-temperature superconductor (HTSC), when the number of the CuO 2 planes increases, the T c rises [6] . The most recently added superconducting member of the YBCO family, Y358, exhibits a T c of ≥100 K [7] . This phase has five CuO 2 planes and three CuO chains, divided into two sets, with three CuO 2 planes separated by BaO layers from the other two CuO 2 planes, thus differing from similar cuprates in this regard [8] . Some studies investigated the crystal structure and electrical [9] , superconducting, and transport [10] properties of the Y358 compound.
The present study is the first to compare Y123 and Y358 HTSCs in terms of lattice strain and crystallite size. By employing a diffractometer, the X-ray diffraction peak broadening is clearly seen in the obtained patterns. Upon analysis, this broadening becomes quantifiable. Thus, it is significant to note that instrumental effects, along with lattice strain and crystallite size, are the primary reason for the diffraction peak broadening.
Scherrer derived a formula for this X-ray diffraction peak broadening applicable for small-sized crystallites [11] , * Correspondence: ibrahimduzgun@gumushane.edu.tr as shown in Eq. (1):
where λ is the X-ray wavelength, L is the medial crystallite size measured perpendicular to the surface of the specimen, θ is the Bragg angle, and µ is a constant (usually taken to be 0.89 for spherical particles).
It should be noted that diffraction peak broadening is also caused by the lattice strain of the compound.
This can be expressed by Eq. (2):
where η is the strain in the compound [12] .
In the current study, an X-ray peak broadening analysis of the superconductor specimens was conducted to determine the lattice strain, and the average crystallite size was calculated perpendicular to the surface.
Materials and methods
The experimental procedure of the current study is the same as that of the previously described study [7] , of which the following is a summary: Employing the well-known solid-state reaction (SSR) technique,
and YBa 2 Cu 3 O 7−x (Y123) compounds were synthesized under the same conditions.
The calculated amounts of CuO, Y 2 O 3 , and BaCO 3 powders were mixed and ground together. The reaction was completed within 12 h at 840
• C. The samples were cooled for 5 h to room temperature. Calcination was performed twice during the middle grinding session and the pellets were formed after the powder was ground once more. Pellets (12 mm diameter × 1 mm thickness) were prepared under 10 t/cm 2 pressure. The sintering temperature was determined via TGA and DTA analysis. The synthesis of the samples was then completed in an oxygen atmosphere at 800-1000
• C for 24 h and the system was cooled to 500 • C. After the samples were held in oxygen for approximately 10 h, they were further cooled down until room temperature was reached. A JEOL JSM 6610 scanning electron microscope (SEM) was used for morphological information. Compositional analysis was studied by an Oxford Instruments Inca X-act energy dispersive X-ray spectroscope attached to the SEM. The samples were subjected to X-ray diffraction (XRD) via a Rigaku D/Max-IIIC diffractometer to determine the structure of the crystals. The CuK α radiation ( λ = 1.54059 Å) of the diffractometer ranged from 20
• to 60
• at a rate of 0.2 • min −1 at room temperature. After cooling the samples down to 77 K (the temperature of liquid nitrogen), their superconducting behavior was confirmed by observing the Meissner effect.
Results and discussion
The wide-scale physical properties including texture, stress, crystallinity, and crystallite sizes of the synthesized samples were established via the X-ray patterns. The essential application of XRD to the HTSCs was to determine the underlying phases. The Y358 and Y123 XRD patterns are displayed in Figure 1 . The crystal structure of the Y358 phase was orthorhombic, with the Pmm2 space group. The symmetries were in agreement with the literature findings [5, 7] . Additionally, the parameters of the lattice were calculated for the Y358 phase via the readjustment process, using Eq. 
The unit cell volume was found using Eq. (4):
The values of 'a' and 'b' were consistent with those of the studies in the literature [5, 7] , and 'c' was also in agreement with the previously reported values [8, 9, 13, 14] . The intercept ( µλ / L) and slope ( η ) in Figures 2 and 3 were used to calculate the lattice strain ( η ) and crystallite size (L) from the XRD patterns of the Y123 and Y358 compounds ( Figure 1) . As a result, the crystallite size of the Y358 superconductor was about 1.125 times larger than that of the Y123 superconductor. The main aim of the current study was to attempt to resolve such discrepancies. After performing the analyses, samples in which the two phases coexisted were prepared. The presence of both phases was confirmed by XRD assisted by standard theoretical treatments. This research, which included other experiments on resistivity vs. temperature, was able to separate the two superconducting phases of Y123 and Y358 and determine their associated properties such as the lattice parameters. The results of this study quite closely parallel those of a previous study [10] , where Ayaş et al. clearly defined the characteristics of the Y358 superconductor. The value η for Y358 was greater than that of Y123 at a rate of 34/10,000. When Figure 1 is examined, it can be seen that the diffraction peaks have nearly the same width due to the fact that the contribution from the lattice strain is negligible. Using the intercept ( µλ / L) and slope ( η ) in Figures 2 and 3 , the lattice strain ( η ) and crystallite size (L) can be calculated from the XRD patterns of the Y123 and Y358 compounds (Figure 1 ), which are shown in Tables 1 and 2 . For a more detailed analysis, SEM images of the samples and DTA graphs were created and presented. Figures 4a and 4b show the upper surface SEM images, which were magnified by 400 times, of Y123 and Y358 
0.0078 38.0868 42.8477 samples, respectively. The gray color represents grain and the black color shows porosities in the images. It was observed that the grain size of Y358 was larger than those of Y123. It is known that compounds that have relatively larger grain size have better superconducting properties such as critical current density and levitation force density [15] .
Figures 5a and 5b show the upper surface EDX spectra of Y123 and Y358 samples, respectively. It was confirmed that the samples contained Y, Ba, Cu, and O elements according to the data obtained from [16] . The obtained data are in a good agreement with those in the literature [2, 17] . For evaluating the sintering processes, the DTA measurements of the Y123 and Y358 were determined as in Figure 6 . The peaks at 800-1000
• C are related to the formation of the liquid phase and the decomposition temperature of Y123 and Y358 compounds. Through these results, the melting temperature and crystal-growth temperature in the sintering process were respectively chosen to be 930
• C and 950
• C.
Conclusion
This study is the first to compare the lattice strains and crystallite sizes of Y123 and Y358 HTSCs. The findings obtained in the current study are quite consistent with the data published in the literature. It was determined that the crystallite size of the Y358 superconductor was about 1.125 times greater than that of the Y123 superconductor, whereas the lattice strain of Y358 was only slightly larger than that of Y123. This very small difference confirms the notion that the contribution of the lattice strain can safely be disregarded. Consequently, it can be concluded that using X-ray diffraction to detect the difference in the lattice strains is problematical.
